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The dust particles (grains) in a plas1na are 
found in planetary plasn1as and play an im-
portant role in the formation of the structure, 
e.g., the rotating radial spokes of the Saturn's 
rings. Recently, they also becon1e important 
and interesting in various plasma processing. 
In this study, we are investigating the dynam-
ics of such dust particles as well as the charging 
processes and the structure formation in plas-
mas such as the crystallization. Our final goal 
is to clarify the physical mechanism of the or-
dered structure formation from the viewpoint 
of the "Self-organization". 
We have developed a new three dimensional 
particle code. The grains are usually charged 
negative because electrons of the dust plasma 
attach to the grains more frequently than ions. 
However, when the secondary electron e1nission 
effect from the grains is taken into account, 
the electric potential of dust grains can change 
from negative to positive or positive to negative 
in the way of "flip-flop". Then, in the newly 
developed simulation code, the dynamic charg-
ing process is taken into account such as the 
attachment of background electrons and ions 
to the grains, and the secondary electron emis-
sion from the grains when the high energy elec-
tron collides. We also considered the change of 
the charge, mass and size of the grain when 
the grains of opposite charge make coagulation 
each other. Shown in Figure 1 is the temporal 
charging process of the representative grains in 
the simulation. It is clearly seen that the grains 
change their charges in the flip-flop way from 
-160e to + 70e due to the secondary electron 
emission effect as the time passes by. The up-
per limit of the grain charge is determined by 
the balance between electron attachment and 
secondary electron emission, and the lower one 
is by the balance between the electron and ion 
attachment. 
In Figure 2, the grain distributions in 
space are shown at t = 0 (left panel) and 
t = 4 x 107 w;1 (right panel). The grains which 
are rando1nly set around the center of the sim-
ulation box with no velocity as the initial con-
dition, are 1noved by Coulo1nb force due to the 
grain charging. In the right panel of the Figure 
(at the end of the sin1ulation run) , it can be 
seen that the grains diffuse to make a lattice-
like form in the peripheral area. At the same 
time, some grains are making a short string-like 
structure by the coagulation around the center 
of the sin1ulation box. Since the grains which 
suffered coagulation becon1e large both in mass 
and size, not only their mobility but also their 
charging effect due to the electron attachment 
becomes sn1all. 
Fig.l. The temporal charging process of the 
representative grains in the simulation 
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Fig. 2. The grain clistri bu tions in space at 
t = 0 (left panel) and t = 4 x 107 
w;e1 (right panel) 
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